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Time
p.m.

—

Method of
making Contact

Continuous contact

Period of
Experiment
Min. Sec.
o 46

Result

No ignition

APPENDIX II—continued.

TEST NO. (14).

Number of cells = 7. Pressure = 10 volts.
Otherwise conditions as Test No. (13).

Notes Notes

2.53 Continuous contact

TEST NO. (15).

Number of cells = 8. Pressure = 11-5 volts.
Otherwise conditions as Test No. (13).

55 No ignition —

DISCUSSION BEFORE THE INSTITUTION, 25 FEBRUARY, 1915.

Mr. Merz. Mr. C. H. MERZ : I suppose that up to the present time
the paper which the author read before the Institution in
1905 has been considered the standard paper on colliery
electrification ; and it has now been brought up to date by
the present paper. The author gives an account of what, I
suppose, is the most complete, certainly the largest, system
of colliery electrification in this country. No doubt there
are collieries in other districts which depend more com-
pletely on electricity, but they do not use such a large
amount of power. The Powell Duffryn installation has the
great advantage that one engineer has dealt with it from
the generating station right down the pit to the machines
themselves, so that we have a complete and unified system
standardized throughout, not only in regard to its main
features of voltage and frequency, but also no doubt in
many of the details of the machines themselves. This
work has been done—and this is an important point—
without Parliamentary powers of any kind, and therefore
it has made great progress. Not only has the author com-
pleted this very great work, but he has also done some
things which a great many of us have been wishing to do
for some time, and perhaps have only done partially or not
at all. For instance he has used gas engines successfully,
and, as we see under the conditions in which he has used
them, advantageously so far as the resulting thermal
efficiency is concerned. The author made some very perti-
nent remarks in regard to the supply of energy to collieries,
and I think he could not have put the position more
fairly, so far as a supply from electric power companies is
concerned. It might be added, however, that in every
case where a connection to an electric power company's
system is possible it should prove advantageous, even if
only as a stand-by. One of the chief economies in such a
case would be, or ought to be, a saving in the capital cost
of distribution. In this country there are very few electric
transmission lines of which the capacity could not be
doubled or trebled at a very small percentage increase in
the cost. It therefore follows that wherever there are two
or more circuits covering the same ground, one say belong-
ing to a group of collieries and the other to a power
company, it must be profitable to combine them. It is
interesting but unfortunate that in South Wales the
power company's system has a different frequency
from that of the Powell Duffryn electrical plant, and

I am afraid that there it will be impossible for the Mr. Men
two systems to be connected. The author also makes
some pertinent remarks on the question of the com-
plete electrification of collieries. He states that complete
electrification is seldom justified if the colliery is
equipped with main steam winders. I think that as
electrical engineers we may confidently look forward to
further progress in this respect not only on the South
Wales system but on all systems, with the result that the
complete electrification of colliery plant will be justified in
all cases. I look upon the exhaust-steam turbine as a
temporary expedient—as a useful means of getting over a
transition period, but nothing more. We all appreciate
that electrical engineers in the early days—at any rate in
this country where there is very little water power—had to
commence by driving their dynamos by means of the
existing prime-movers, which latter were unsuitable for the
purpose, having been developed for driving quite different
forms of machinery. The main steam winders to which
the author refers are a remnant of the old form of engine.
It has been improved at the low-pressure end by adding
the exhaust-steam turbine, but it cannot be improved at the
high-pressure end in that way. As we get prime-movers
more and more developed and adapted for the primary
purpose of generating power, and in which the development
or design is not controlled at all by the machines or the
apparatus that they have to drive, we can utilize more and
more efficient thermodynamic cycles and therefore obtain
a higher efficiency. There is no doubt that the recent
practice of using higher pressures and greater superheats
will tend more and more to the best economy only being
obtainable in prime-movers the speed and other charac-
teristics of which are independent of the machinery to be
driven. 'That is only possible when they drive dynamos or
alternators and not where the prime-mover has to be
applied directly to the machine or apparatus where the
power is required. The thermal efficiencies of gas and
steam plant given by the author are exceedingly inter-
esting and they show, what is generally realized now,
that in comparatively small units the gas engine is
much more efficient. If, however, we consider the
largest sizes it would of course be possible to attain
the gas engine efficiencies by steam plant. The infor-
mation that the author gives in regard to earthing will be
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erz. of the greatest value, not only in collieries but to electrical
engineers in general. I do not recall how far I was
responsible, if at all, for the present Home Office earth
regulations, but I remember being very shy of them at
the time. I think the Institution might profitably ask
the author whether he thinks it important that these regu-
lations should be altered now and how it should be done.
Although at present I have nothing directly to do with the
regulations, I should imagine that the Home Office would
much appreciate any suggestions. Another very interest-
ing point brought out by the practice in the collieries
referred to, is the use of the two forms of winder, the
Ilgner and the ordinary 3-phase motor. That of course
does not mean the use of continuous-current motors as
against alternating-current motors for winding, because
continuous-current motors can be advantageously used
on the Ward-Leonard system without the addition of
an Ilgner flywheel, and on power companies' systems
it is generally unnecessary to utilize the Ilgner set in order
to equalize the load. It would therefore be useful if the
author would state whether from practical experience he
considers the addition of the Ilgner flywheel is of any
material value from the point of view of safety. The
author has referred to the question of continuing the
winding in the event of a failure of the power supply—
that is a most important incidental advantage, but would
it be sufficient to justify the use of the Ilgner set where
the latter was unnecessary for other reasons ? A minor
point in connection with the two forms of haulage which
the author illustrates is that in one case helical gearing is
used for the high speed and in the other case it is not. Is
there any special reason for that ? In conclusion I am
sure we must all appreciate very much, and especially
colliery people, the very complete information and
statistics given in the paper in regard to the use of bells
and signalling.

ied Mr. S. EVERSHED : My experience of the South Wales
coal-field goes back nearly 30 years. In those days
whenever one went to a colliery in South Wales one saw
steam coming out of every pipe and almost every hole
in the ground, the main object apparently being to waste
thermal units, and this paper is of great interest to electrical
engineers because it marks the enormous progress already
made by the introduction of electricity into mining. I
remember that when the author read his previous paper
before the Institution eight or nine years ago* there was
a certain amount of nervousness, a little timidity perhaps
even among electrical people, as to the effect of the
general introduction of electricity underground. I am
glad to see .that that nervousness has very largely dis-
appeared, and to-day colliery owners are aware of the fact
that electricity can be introduced with perfect safety,
provided the installation is carried out on proper lines.
I propose to confine my remarks to that section of the
paper which relates to electric signalling. The common
system referred to by the author, in which two bare wires
in connection with a trembling bell are run along the
roadways underground, is far too useful to be given up
merely because there is a sort of suspicion that the disaster
at Senghenydd was caused by the bell. One knows that a
great deal of attention was concentrated on that bell :
some of us think attention was riveted on the bell in order

* Journal I.E.E., vol. 36, p. 477, 1906.

to divert attention from other and far more probable Mr.
sources of danger which are inseparable from colliery vers e '
working. However that may be, the Reports dealing
with the question of the possible danger of electric
signalling do not convince me. The experimental
investigations appear to have been carried out with the
idea that there was some simple connection between
the voltage of the battery and the danger point; but there
is no such connection, so long as the voltage of the battery
is below the pressure at which an arc can "be created
between the electrodes. Below that point it is of very
little consequence what pressure is used ; 1 volt is just as
dangerous as 20 volts, and neither is essentially dangerous.
What then are really the factors which make for safety or
danger in signalling ? The first and most important is the
electromagnetic energy stored in the circuit that has to
be broken. The author has referred to that, not in so
many words, but it is in his mind when he tells us that the
safety is not governed by the voltage but depends far more
on the conditions of the circuit. To get a spark at all
there must be some energy in the circuit, and when the
circuit is broken the temperature of the spark is governed
by the rate at which that energy is run down. If we
choose to extinguish the spark by some such means as a
magnetic blow-out, we can so raise the temperature that
the electrodes may actually be melted. That is a very
important matter, because the one idea of many electrical
engineers is to get rid of the spark as quickly as possible
by blowing it out. It may easily be more dangerous to
blow out the spark quickly than to let it go out in the
ordinary way. I mean by the spark, that visible path in
the air which is carrying the current and which is incan-
descent. That is the actual spark pure and simple ; but if
there is sufficient energy and the electrodes can be readily
volatilized we shall have, in addition to the spark, what I
may call a flash, that is to say vaporized and burning
metal is scattered and constitutes a more serious danger
than the spark itself. Now under what conditions can a
spark set fire to an explosive mixture ? That entirely
depends on the nature of the electrodes and the immediate
surroundings of the spark. It very frequently happens
that the size of the electrodes is such that they act
like the gauze in a safety lamp and a flame cannot be
propagated from the spark into the surrounding space.
Under those conditions a spark may continue, as it does in
a trembling bell, without creating an explosion, although
it must be clearly understood that the whole time the bell
is in operation the explosive mixture in the immediate
neighbourhood of the spark is burning, but the flame
cannot spread to the surrounding free gas. The Home
Office have suggested that the "make and break" of a bell
should be enclosed. That is a good suggestion, and I
would go a little further and suggest that the nearer the
enclosing metal can be brought to the spark the better.
I believe it would be practically impossible to fire an
explosive mixture with platinum electrodes enclosed in a
tube of copper, for example, so that the spark occurs at
the middle of the tube. Let me give a practical illustra-
tion of the same principle. The predecessors of my firm
were the pioneers of electrical coal-cutting. They never
succeeded in making a commercial success of it because
in those days we tried to run before we could walk in all
these electrical matters. By way of experiment the gas-
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Mr.
Evershed.

tight case, in which their coal-cutting motor was enclosed,
was filled with an explosive mixture of coal-gas and air.
When the commutator brushes were set so that the
machine was working properly—by no means sparklessly
in those days—it was quite impossible to produce an
explosion no matter how long the machine was run. But
the moment the brushes were shifted so that, in addition
to the sparks under the brushes, an external flash was
produced, then an explosion at once resulted. The reason
is clear. So long as the sparks were occurring under the

'brushes, between the brushes and the commutator, the
burning of the gas was restricted, but the moment a flash
was produced outside where there was no cold metal to
check the flame an explosion followed. Turning to the
electric bells as used at Senghenydd and many other
collieries, the author has suggested the proper criterion
as regards sparking. On page 421 he gives the in-
ductance of those bells. It will be seen that bell
No. 1 has an inductance of something over 0*5 henry, and
the oscillograms given on page 423 show that the current
was about 0*4 ampere at the moment of breaking. That
means that the electromagnetic energy in the bell when
the circuit is closed is something of the order of 0-04 joule,
which represents the energy available to create a spark.
Now, is it possible by means of a condenser or any other
auxiliary apparatus to suppress the spark by diverting that
energy into another channel ? We all know that theoreti-
cally it is possible ; and speaking from experience I can
say that it is practically possible to suppress a spark
resulting from much more energy than 0*04 joule. In the
Kilroy stoking indicator used in the Navy, which my firm
has manufactured for the past 10 years and more, the
apparatus that controls the speed at which the indicators
work is a reciprocating motor or clock of a curious kind,
in which the circuits of two large electromagnets are
alternately made and broken. The great problem before
us when we first designed this apparatus was how to
break those circuits sparklessly, because the instruments
had to be shut up in a case, sealed, placed on board ship,
and left to work for many years without any attention.
The electromagnetic energy of those magnets, together
with that of the indicators in series, varies from about
1 '2 joules up to 2 or 3 joules, or from 30 to 60 times the
energy in the Senghenydd bell, yet with this apparatus,
even after working for seven or eight years without any
attention whatever and making and breaking the circuit
several million times, it is quite impossible to see any
spark on breaking the circuit, and it should be noted by
those who see danger in 9 or 10 volts that the Kilroy
stoking indicator is run from the ship's mains at 100 or
200 volts. That is an example of what can be done by
means of a condenser properly applied to suppress spark-
ing. But iri that case the circuit is made and broken at
intervals of possibly a minute or more, and under those
conditions it is comparatively easy to devise a condenser
system which will suppress the spark. The problem is by
no means so simple when we come to a trembling bell,
but it is one which any young electrical engineer—a
modern man who knows all about oscillographs, induction,
and energy—would find it worth while to take up, because
jt is quite capable of being solved. When we can produce
a bell in which there is absolutely no visible sparking one
half of the suspicion with which electric signalling systems

in collieries are regarded will have disappeared. Now as Mr.
to the other difficulty, namely the sparking when the bell vers

circuit is closed and opened in the roadways. That is
really a greater difficulty than the bell itself. It can be
solved, I believe, by condensers, but it is more difficult
because the conditions under which the contact is made
and broken vary according to the man and according to
the means by which he does it. I said just now that I
discriminate between the spark (the incandescent air
which is carrying the current) and the flash which is
produced by vaporizing the electrodes. If we are wise
we use pure platinum or iridio-platinum for electric-bell
contacts and take care that absolutely no other metal
comes anywhere near the spark-gap, so that there is
nothing whatever to vaporize. But for the circuit wires,
practically the worst kind of conductor is used, namely,
zinc on steel or iron. We all know what happens when
we break an inductive circuit between two iron wires : we
get a flash, and zinc only adds to the flash. It is worth
considering whether as an additional safeguard it would
not be worth while putting in copper wires instead of
galvanized iron or steel. It is quite true that copper wires
are very much weaker, but it is possible to get steel wires
coated with copper which would work equally well. I do
not say that copper cannot be vaporized, but there is far
less flash from copper than from iron. I have indicated
now what I believe to be the directions in which we must
work in order to make this simple system of signalling,
which is so well adapted for colliery working, not only
perfectly safe but absolutely free from suspicion. By
adding to the perfection of all the machinery of a colliery,
electrical engineers are necessarily making colliery work-
ing less dangerous ; but do what we will it cannot be made
a perfectly safe business and we must all realize—every-
one does realize it who has anything to do with colliery
work—where the main point of danger lies. It lies in
human nature, and so long as human nature is what it is,
and a collier's nature is what it is, there will be danger ;
but that danger is rapidly being reduced by the perfection
of the mechanical and electrical appliances of a modern
colliery.

Mr. W. J. LARKE : I was very pleased to notice ion Mr.
page 402 that the author makes a strong plea for the
earthed neutral ; and I trust that he will go further and
endeavour to persuade the Home Office to make the earthed
neutral compulsory. I have had made to me the same
reply that the author states was made to him, namely, that
the advantage of not earthing is that it is possible to con-
tinue working with a fault on the system. I consider that
to be the very reason why we should insist on earthing.
There is no reason for not earthing, now, even on the
grounds of continuity of supply, because with the numerous
satisfactory selective protective devices that are available it
is possible to use an earthed'system and still ensure that the
discontinuity of supply due to a fault is limited to that sec-
tion of the system in which the fault occurs. Therefore we
are not justified in incurring such risk as must inevitably
result from having an unearthed system with a possibility
of an earth on one part which cannot be immediately
detected. I was also pleased to note that the author states
on page 407 that " in order to deal with further extensions
some of the larger motors will probably be fitted with
power-factor correctors." I venture to think that the
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rke. power-factor corrector has not yet at any rate been pro-
perly considered in relation to the great financial advantage
that is obtainable by its use. Mr. Merz is, I believe, one of
the pioneers, if not the pioneer, in using it on his system on
the North-East Coast. I do not know what his experience is,
but we have given a great deal of study to the possibility of
power-factor correction, and what it means as a financial pro-
position. It comes to this, that for an expenditure of about
seven or eight shillings per kilovolt-ampere "corrected"
it is possible to obtain the advantages of that correction
throughout the supply system, that is, on the cables,
transformers, and generating plant. If that is considered
for any particular system it will be found that it gives an
excellent return on the investment. On page 409 the
author refers to the use of liquid slip-regulators. I should
like to draw his attention to a slip regulator of a type
using the principle of the alternating-current commutator
series motor in conjunction with the induction motor
which it is desired to regulate. The advantages are
again extraordinary from the financial point of view. I
believe I am right in saying that at the time the author
considered this particular scheme, the use of this form of
slip regulator had not been brought prominently forward,
in fact, I think I may go so far as to say that it had not
been proposed in this connection. Taking the maximum
slip of 15 per cent, as given in the paper, page 409, there
is insufficient data on which to calculate from the running
time what the overall loss would be. Suppose we assume it to
be 10 per cent—although it is unlikely to be so high—then
if we use an alternating-current commutator-motor type of
slip regulator we shall save 93 per cent of that 10 per cent;
in other words, we should save continuously 158 horse-
power, and similarly with any other percentage. That is
to say, the efficiency of an alternating-current commutator
motor used in this connection would be of the order of
93 per cent, so that whatever the loss is in the rheo-
static slip we can save something like 93 per cent of it.
On page 414, under the heading of " Ventilation," another
opportunity is given of using the same device, but in this
case it would be an alternating-current commutator motor
of the shunt type. By using a shunted impedance in the
field-circuit we can obtain an adjustable slip on a 50-period
circuit of about 30 per cent; that is to say, we can obtain
a slip of 15 periods, which gives 30 per cent on 50 periods
and 60 per cent on 25 periods. Instead of losing energy
in the rheostat referred to by the author, those losses will
be saved. Suppose we had a 10 per cent reduction of
speed, we should practically save the whole of that 10
per. cent, or at least 93 per cent of it; and at the same
time the power factor would probably be improved by 10
per cent, and the line current reduced by 20 per cent.
That is another application that might well be borne in
mind by all of us when dealing with this problem. On
page 418, under the heading " Small Surface Motors," I
was rather surprised to note that the author preferred to
use the slip-ring type of motor. I should have thought
that the squirrel-cage type of motor with the Y A form
of starter was simpler and less likely to give trouble.
Mr. Evershed referred to the human element in mines
as being the main factor contributing to the present
dangers. In that connection I should like to draw
attention to one source of danger which the Powell
Duffryn Company are eliminating by using electric lamps ;

but they are in the position where they apparently still Mr. Larke.
have to rely on the ordinary safety lamp for gas
detection. I believe I am right in saying that it is ex-
ceedingly difficult for even a trained eye to measure the
cap on the ordinary safety lamp with any degree of
certainty, and to say what percentage of gas is actually
present even after all the experience that has been accu-
mulated on that subject for many years. I should like to
draw attention to a device which has been successfully
developed by a colleague of mine, Mr. George Ralph, who
has spent several years working on the subject, and has at
last, I believe, achieved success. It is an electrical device
based on the Wheatstone bridge principle, and is used for
detecting gas by direct measurement of a varying resist-
ance, which measurement is a function of the percentage
of gas present. It has been tested thoroughly, and has
shown remarkable accuracy over a range of from 0*5 to 6
per cent methane present in the air in which it was tested.
The device depends upon the properties—but not the
catalytic properties, as many other devices do—of an
initially heated wire. The important feature of this device
over others that have been put forward during the past
20 years is that the temperature of the heated wire is well
below the ignition point of a mixture of methane and air,
even with a high percentage of methane present. It is
entirely self-contained, with battery and illuminated dial,
and of such dimensions that it can be carried in the pocket
complete with battery, weighing approximately 2 Jib.

Mr. W. R. COOPER : There are just one or two questions Mr. Cooper,
that I should like to ask in reference to earth-plates. I
think everyone will agree that this is a very important
subject on which we are rather ignorant. The author
has given us some information which is certainly of value,
and if other engineers will follow his example and make
similar measurements they will probably come to the
conclusion that they know less about the subject than
they thought they did. I notice that on page 401 the
author refers to three sets of measurements of the resist -
tance of earth-plates. The first is o*oi to 0*03 ohm, the
second 2*6 to 27 ohms, and the third about 2#2 ohms.
There are two questions thati I should like to ask on that
point. It is not always clear from the context of the paper
whether alternating current or continuous current was used.
Alternating current was used in two cases certainly, but
if continuous current was used polarization would play
a part, assuming the pressure to be low. It would also
be interesting to know why the first figure is so low. The
second question that I wish to ask is whether the resistance
referred to is always that of the circuit from one plate
to a second plate, or half this value, giving a mean value
for the resistance of a single plate to earth. Referring to
the interesting bell tests given by the author, I should like
to know whether there is any particular reason for taking
electromotive force as one of the variables in Fig. 30.
Would not the potential difference on the bell terminals
be preferable, so as to eliminate the effect of the internal
resistance of the cells ?

Mr. J. W. HOLLIDAY : Fig. 12 shows the decrease in Mr.
resistance of a coke earth-plate buried in clay when ° 1 ay"
passing approximately 300 amperes alternating current,
50 periods, for two hours, to a main station earth. During
the first 10 minutes the resistance decreases at a greater
rate than for the remaining period. The reason appears
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Mr
Holliday.

to be that at least 25 per cent of the total resistance to
earth is within a layer 1 ft. thick adjacent to the surface of
the coke. The temperature of this layer gradually rises,
being highest next to the coke. As the temperature rises
the resistance falls, but the rate of decrease in resistance
is less at a high than at a low temperature (see Fig. A
herewith). As the I2 R loss and heating effect is smaller

so /so 2,000

30 //o /so
Temperature

FIG. A.

as the resistance decreases, further decrease in resistance
is more gradual. Tests made on samples of clay, sand,
and water, show that in each case the resistance decreases
with increase of temperature, the resistance-temperature
curves being of the same general form. The resistance
decreases approximately 50 per cent for an increase of

Material

Damp brown London
clay

Damp brown Thames

sand
Damp yellow gravelly

sano
Damp Thames ballast
Damp small shingle ...
London tap water
Snow water
Distilled water
+ 0-008 % common salt
+ 0-016 %
+ 0-024 %
+ 0-038 %
+ 0-054 %
+ 0-081 %
+ roo%
+ io-o %
Gas coke as used for

the earthTplates Nos.
1 and 2 referred to
in paper

Temp.,
0 f

50

50

50

5°
50
50
50
5°
50
50
50
50
50
5°

—
50

Ohms per
ft. cube

40

92

2 2 O

6 lO
1,260

IOO

i>35o
1,500

i75
90
62
40
29
2 0

1 7 *
0-28*
0 0 6

Remarks

Average of 3 samples

» 2 „

>> 1 n

>> 1 ) ,

, 1

3
, 2
, 2

Per cent by weighi

„

„

See footnote
}>

Under pressure of
1 lb. per sq. in.

* From Whittaker's " Electrical engineers' pocket book, 1906,'
pp. 88 and 182 (authority, Kohlrausch).

temperature from 500 F. to ioo° F., and approximately 75 Mr.
per cent for an increase of temperature from 500 F. to Holhday-
2000 F. Some tests were carried out to ascertain the
resistance of various materials when passing alternating
current, 50 periods. The results are given in the pre-
ceding table.

The principal factor in the resistance of the various soils
tested appears to be not so much the percentage of water
as the presence of traces of soluble salts which lower the
resistance enormously. When all the water is driven from
any soil tested it becomes practically an insulator. From
the tests made it appears possible to allow certain alter-
nating 50-period current densities at the surface of coke
earth-plates buried 8 feet from the surface in clay,
depending on the time the current is passing.

(1) For short periods up to 5 minutes—25 amps, per
sq. ft.

(2) For longer periods up to 3 hours—6 amps, per sq. ft.
(3) Continuously—075 amp. per sq. ft.

With less favourable conditions in gravel or other soil
the figures would have to be materially reduced. In carry-
ing out the tests it was found difficult to obtain an inde-
pendent earth as a datum line from which to measure the
potentials on the plates. An earth connection was made
at a point some three miles away, and an insulated cable
brought to the point where the tests were carried out, so
as to eliminate the effect of the charging-up of metal-work
in the vicinity due to stray currents.

Mr. A. RUSHTON : There are just two points that I want Mr.
to mention. One is with regard to electric winding. So us

far as can be judged from figures that are published,
electric winding does not show any great advantage as
regards steam consumption compared with high-class
steam winders; and any advantage electric winding
seemed to have over steam winders has been considerably
affected by the advent of the exhaust-steam turbine. So
that if electric winding is to have the success that it should
have, it will only be by using the cheapest and simplest
method of winding, coupled with the supply of cheap
power. This, in my opinion, necessitates bulk supply
•to collieries from large generating stations in mining
districts. The generating stations may belong to the
colliery owners themselves. If this is done, it is possible
to use induction-motor winders, and where there are a
large number of induction motors the peaks of the several
winders will be eliminated, and the load variation would
not be felt very seriously on the power station. Even
where the generator capacity is limited and there are
two winders, one for each shaft, it is quite possible to do
something in this direction by arranging the acceleration
of one winder to coincide with the retardation of the
other. It seems to me that the problem of electric wind-
ing would be much better tackled on the above lines than
by each colliery company building its own generating
stations and thereby practically forcing itself to the ex-
pense of equalizing the winding load, because this forms
such a large proportion of the total demand. I think it
can hardly be gainsaid that equalizing is very expensive.
In this case, taking the Britannia winders, machines having
a total capacity of about 7,150 horse-power are necessary
in order to cope with the load, which averages about
2,600 horse-power, that is, just sufficient load for one set,
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so that I think equalizing is to be avoided as far as
possible. No doubt all these factors have been taken into
consideration by the Powell Duffryn Company, and it
would probably be interesting to know what were the
deciding factors in the adoption of the Ilgner system at
Pengam. Then, in regard to earthing, when a large
amount of current is flowing to earth it is quite possible,
as the author shows, for a large potential difference to
exist between the earthing system consisting of the
two earth-plates, armoured cable, etc., and the general
mass of the earth. If a large number of earth-plates are
used, these earth currents would be more or less dis-
tributed throughout the different earth-plates and the
same potential difference would not exist. From the
point of view of shock, I think the ideal method would be
to have all metal constituting the earthing system in good
contact with all the surrounding earth. A great deal can
be done in this direction by bonding to pipes and rails,
and I think a further advantage would result from
ensuring that all large pieces of apparatus, such as large
motors and frames', have a good conducting bed so that it
is not possible for a large potential difference to exist
between any framework constituting the earth and the
general mass of the earth itself.

Mr. H. M. SAYERS (communicated): The author's clear
pronouncement on earthing the neutral is welcome as
marking a great advance in the last five years. In 1910
Mr. W. W. Wood read a paper before the Institution on
"Earthed versus insulated neutrals in colliery installa-
tions," * and that paper and the ensuing discussion showed
a disposition on the part of some, whose opinion on the
subject was entitled to a certain weight, to prefer for
various reasons unearthed neutrals. It is true that the
weight of argument and the general effect of the discus-
sion tended to support the earthing practice. To have the
present author recommending that it should be compulsory
is therefore very satisfactory, and renders it unnecessary
to repeat the arguments in its favour. Experience in a
considerable number of tramway cases shows that the
Board of Trade regulation for the provision of two earth-
plates not less than 20 yards apart rarely j results in such a
low resistance between the two plates as is specified " if
possible." Numerous experiments show that it is of little
use to make the plates larger than 4 ft. square, giving a total
contact surface of 32 square feet. The resistance does not
fall appreciably with an increase above that amount. Nor
does it seem to make an appreciable difference whether
the plates are buried in a vertical or a horizontal plane,
unless they are quite near each other, when the vertical
position with the plates facing each other gives the lowest
resistance between them. Tramway earth-plates, being
normally negative to the surrounding soil, might be ex-
pected to show an increase in resistance owing to
hydrogen polarization, but that does not happen ; probably
the osmosis effect and the presence of salt solutions ensure
the maintenance of a fairly conductive layer contiguous to
the plates. A really effective connection to the " general
body of the earth " can only be obtained and retained by
means of large area combined withi great longitudinal
extension, such as. buried pipes (or Mr. Highfield's
artesian earths, perhaps), and there can be no doubt that
the earth connection for the neutral should be, as the

* Journal I.E.E., TOI. 45, p. 559, 1910.

author describes, all the water, steam, and other pipe Mr. Sayere.
systems, care being taken to cross-connect any part of
them which may conceivably become insulated during
repair. The dangers arising from imperfect earths have
been abundantly demonstrated. In one case within my
knowledge a horse was killed by spanning with its fore and
hind legs a buried brick manhole box separating two cast-
iron pipes in each of which there was a faulty high-tension
cable. The author suggests the key to the complete
electrification of collieries, at any rate for collieries
producing coking coal. These collieries make a waste
product, coke-oven gas, capable of affording as much
power as they need, always assuming that the market for
coke is as profitable as for raw coal. Coke implies other
by-products, and with the advent of coking processes,
controllable as regards the proportions of various products,
it will become increasingly profitable to coke all fuel
amenable to the process. From the figures given as to
the consumption of thermal units by gas engines and steam
turbines respectively, it appears that the gas engine has the
advantage in efficiency. This is, however, a question of
load factor, and the author's figures for an average load
factor of 72 per cent for the gas engines correspond to an
overall efficiency of only about 18 per cent, which is
getting near turbine efficiencies. Below 50 per cent load
factor there will be little to choose on this score. The
limited size of gas engines, and their cost together with
that of their low-speed alternators, compared with the cost
of turbine sets and boilers, suggests that with the possible
exception of places where efficiency is of commercial
importance (for example, where there is a good sale for the
gas, or where the course of the markets makes it desirable
to obtain most of the hydrocarbons in other than gaseous
forms), or where the power demand can be met by small
units and has a high load factor, that gas will be best
utilized by raising steam for turbine sets. Main winding
is the great obstacle to complete electrification. The
author's account of the electrical winding sets at the
Britannia Colliery shows what a large and expensive
outfit is required to operate the present form of winding
gear. The efficiency of these sets (on the anticipated
input of 3J units per ton of coal raised 730 yards)
is 45 per cent, which seems a satisfactory figure for
sets involving so much transformation and regulation,
but leaves much room for improvement. The efficiency
is probably not the most important point. The capital
expenditure and consequent annual charges must be very
considerable. It is the method of winding which needs
improvement. The ideal is a continuous winder, a vertical
conveyer in fact. Such a conveyer would provide a
practically steady load and call for a correspondingly
smaller and less expensive motor equipment. The speeds
needed would be much more moderate than those now
employed. It should be possible to design for maximum
economy of operation, including annual charges, as well
as for the necessary output to make the colliery profitable.
There seems to be no inherent impossibility in the way
of such winders. Even the winding of men appears to
be quite practicable. It also appears that the diameter
of shafts for equal winding capacity could be reduced as
compared with the requirements of the present system;
and this means an enormous saving in the cost of sinking.
On all accounts it seems worth while for manufacturers
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Mr. Sayere. and colliery owners to turn their attention to this line of
advance.

Mr. Driver. Mr. E. T. DRIVER {communicated) : In collieries and
similar undertakings in which large amounts of power have
to be transmitted for, comparatively speaking, short
distances or distances which prohibit the economic
employment of very high voltages, the section of the
conductors is quite large, and consequently their cost
forms a very large percentage of the total cost of the com-
plete line. This has already been conclusively proved by
such schemes as those of the Weardale Steel, Iron, and
Coal Company, the Ebbw Vale Steel, Iron, and Coal Com-
pany, and Messrs. Newton, Chambers & Co., where
the section of the conductors varies from about £ to \\
square inches of aluminium, and in which the overall
economy realized by employing aluminium was in the
neighbourhood of 20 per cent. If aluminium conductors
had been used for the wood-pole transmission lines in the
present instance, I estimate that a saving of something like
£2,000 could have been effected, less about £400 due to
the increase in cost of the poles, or a net saving of about
15 per cent on the complete scheme. The steel-pole line
now under construction does not offer perhaps so much
inducement to utilize aluminium, owing to the very small
size of conductor, 0*073 square inch, the aluminium equiva-
lent of which would be C122 square inch. With this
section the difference in deflection would necessitate taller
supporting structures in the case of aluminium, so that the
extra cost of poles would probably exceed the saving on
the conductors. Nevertheless it has been my experience
that in nearly every case in which the size of aluminium
conductors exceeds about o-i square inch the overall
cost of the line is considerably less than that of the
corresponding copper line.

Mr. L. B. ATKINSON (communicated) : This paper affords
an illuminating summary of the present position of elec-
trical power distribution for colliery purposes, and indi-
cates by the growth of the Powell Duffryn installation in
the period since the author's previous paper of 1905, that
the application of electricity to coal-mining has overcome
its earlier difficulties and become an assured economic
success. As a very early worker in this field I well realize
the nature of the difficulties that have been overcome,
but one of the greatest was overcome by the author when
he became associated with the Powell Duffryn Steam Coal
Company and with their General Manager, Mr. E. M.
Hann. The paper is full of points of great technical
interest, but I only propose to mention one or two. The
question of electrically-driven main winding engines is
of course a very hotly debated one, and some authorities
are definitely of opinion that it is economically unsound to
use them, but taking a broad view, the amount of power
used in winding being, as it is, a large percentage of the
whole power used, has an important bearing on the total
output and therefore economy of generation of the whole
supply, whether this be done at the colliery or at a
power company's works. When one comes, however, to
the realization of main winding by the use of Ilgner sets
I think that most colliery engineers will look upon it as
a tour de force not tempting imitation. The adoption
of this system at the Powell Duffryn Colliery is explained
by the necessity of overcoming the peak loads, but this
reason should not apply on a system aggregating 24,000
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kilowatts except from the point of view that this total is Mr.
not really interconnected into a single generating unit. nso

So far as winding is concerned it will not become
generally adopted if Ilgner sets have to be used, and
one of the lessons to be learnt appears to me to be
this. The equipping of collieries even on the scale of the
Powell Duffryn as generators of electricity should be done
in conjunction with a power company's supply. It is true
that by generating power at the colliery, waste coal and
gas can be used, and in this case apparently 35*5 million
units out of 50 million units are so generated, but the
separate generating units, steam, gas, etc., should feed into
the power company's mains from which the supply
required would be taken, and thus considerable saving
on spare plant and peak-preventing devices would be
effected. It is unfortunate that South Wales, which would
have been one of the most favourable areas in the world
for a power company merging and supplementing the
sources of waste power and heat from its collieries and
iron and steel works, has from a variety of circumstances,
mostly unconnected with engineering, missed its great
opportunity. It is interesting and suggestive to find so
considerable a part of the paper devoted to the question
of bell signalling. Whether the disastrous Senghenydd
explosion was caused by a sparking bell or not, there is
no real difficulty in producing a bell in which, by the use
of a non-inductive resistance or condenser, either no spark
is produced, or in which the spark is enclosed in such a
way as to be innocuous. As the author points out, how-
ever, in his paper, the greatest danger is, after all, probably
due to sparks on the bare iron wires used, and between
which contact is made. There is no reason why this
sparking should not be considerably diminished. First,
if the wires were of copper the self-induction would be
less, hence the energy to be dissipated would be less ;
second, they might well be connected at intervals to some
form of cheap electrolytic condenser; and, further, if
relay bells were adopted the currents might be reduced
to amounts which would not produce a spark capable of
firing gas. So that really this question resolves itself into
recognizing the danger, and in laying down in the colliery
rules certain limits of energy in the lines as defined by
their electrical constants and the voltage applied.

Mr. C P. SPARKS {in reply) : My thanks are due to all Mr- SF
members for the way in which this paper has been
received, and my special thanks are due to Mr. Merz for
his generous criticism. One point touched on during the
discussion, namely, that the whole of the work has been
carried out without Parliamentary powers, is not connected
with the subject-matter of the paper, but it has been
an important factor in the rapid development of the
electric system, as, had the interconnection of the various
collieries depended upon Parliamentary powers, the scheme
would never have assumed its present magnitude. At the
same time it will be noted that all work has been carried
out to at least as high a standard as that necessary if it had
been done under Parliamentary powers.

Supply of electrical energy.—Mr. Merz adds a material
point under this heading. I agree as to the importance of
lowering the cost of distribution and as to the saving due
to the omission of stand-by plant, by collieries and power
companies working together when the frequency is the
same. Unfortunately, the South Wales Power Company
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arks, started with two different frequencies, selecting 25 periods
as their standard. Owing to the complication, extra
expense, and lower efficiency that would result if fre-
quency changers were installed for the purpose of inter-
changing supply with 50-period undertakings, such inter-
change is limited to those collieries having 25-period plant.

Use of exhaust steam.—Mr. Merz suggests that the
exhaust-steam turbine is a temporary expedient. I
consider that plant of this character has a wide field for
smaller collieries, especially when the latter are isolated
from a large power company ; but I agree that with the
simplification of electric winding plant, which will result
in a further reduction in the first cost, the larger colliery
undertakings will gradually supplant steam by electric
winders.

Gas-engine plant.—I omitted to state in the paper that
the gas-engine plant at Bargoed had been at work from
seven to eight years. I delayed calling attention to this
plant until a thorough success had been made of this
scheme, because there have been so many failures in
important applications of gas engines. As the result of
the success attained, the Powell Duffryn Company have
decided to add another gas-driven set and propose using
engines developing 1,200 b.h.p. per cylinder instead
of 600.

Transmission system.—Mr. Driver has referred to the use
of aluminium conductors. Owing to the length of the
paper this section had to be dealt with briefly. I have
used such conductors for several colliery transmission lines,
but owing to the increased strain due to windage, I am not
in favour of using aluminium conductors approaching 1^
square inches in cross-section for transmission purposes. I
agree that in some cases a substantial saving can be shown
by the use of aluminium instead of copper, such saving
depending on the price of the metals at the time of placing
the contract. When the electrification of the Powell
Duffryn Collieries was started in 1903, it was considered
undesirable to use aluminium ; and having once standard-
ized the use of copper conductors for transmission it has
not been found worth while modifying the general con-
struction when making extensions.

Thermal efficiency.—The figures given in the paper are
those obtained in everyday working of the collieries. I
am, of course, aware that far lower figures are being
obtained from live-steam stations—in fact I am obtaining
better results in the Metropolis with a lower station load
factor—but I felt it only fair to compare actual steam with
actual gas results obtained by the same undertaking. We
are still making improvements and I hope to obtain sub-
stantially better results from this steam station. The
main difficulty is burning South Wales dry "smalls,"
although good results have been obtained in certain cases
(see Appendix I). Mr. Sayers suggests that the use of gas
plant is the key to the complete electrification of collieries.
I cannot agree with this expression of opinion, as it will be
seen on reference to the paper that only a section of the
output can be economically supplied by the gas plant,
namely, that section which has an almost continuous
demand so as to provide a constant load on the gas-engine
station.

Regulations under Coal Mines Act, 1911.—While I have
criticized the present Home Office Regulations, I wish to
state that the present Regulations are far in advance of
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anything that has been done before, either here or in any Mr. Sparks,
part of the world. Every one of us is indebted to Mr.
Merz, who did yeoman service to the whole industry by his
work on the Committee which redrafted the Regulations.

With reference to Mr. Merz's suggestion that I should
state whether I consider the Regulations should be altered
now and how it should be done, I consider that the Regu-
lations should be amended, and if the Council of the Institu-
tion agree that amendment is advisable, I shall be pleased
to make a statement before any Committee of the Insti-
tution appointed to deal with this matter.

Earth connections.—I am glad to note that my opinion
as to the desirability of earthing the neutral point in the
interest of safety is endorsed by the majority of speakers.

•Earth-plates.—In answer to the question raised by Mr.
Cooper, alternating current at 50 periods was used for all
the tests in order to eliminate polarization due to continuous
current. The resistances given are those of one earth-
plate only to earth, the pressure-drop being measured to
an independent earth by an electrostatic voltmeter, this
independent earth being three miles away and connected
by an insulated cable to avoid local earth currents. The
heading of the table on page 401 has been modified so
as to make this point clear.

Mr. Cooper calls attention to the low resistance, viz.
o*oi ohm, of one of the station earths. This was due to
the large number of well-bonded iron conduits leaving
this distributing centre and to the nature of the surround-
ing strata.

Mr. Holliday's explanation as to the somewhat rapid
fall in resistance when something like 300 amperes
is passing from No. (2) earth-plate to earth is no doubt
attributable to the rise in temperature of the surrounding
strata in the vicinity of the coke earth. It is interesting
to note that the fall in resistance due to moisture is prin-
cipally attributable to the presence of salts. From tests made
of earths artificially salted so as to lower the resistance,
it is necessary periodically to " re-salt" at intervals of four
weeks in order to maintain a satisfactorily low resistance.
The details given as to the allowable current density are
of great interest, and I hope that this data will shortly
be supplemented by independent tests made by other
members.

In reply to Mr. Rushton, owing to the uncertainty
of making good earth connections below ground in coal
mines it is not possible to rely on a number of distributed
earth-plates. In my opinion it is not practicable to secure
a good earth-return by bonding rails and pipe-work under
the conditions prevailing in colliery practice. The Home
Office regulations are perfectly correct in insisting that
metallic returns must be secured by bonding cable
sheathings, etc. With regard to the amount of current
passing to earth, while this is normally small, 500 to
1,000 amperes may easily pass for a few seconds due
to the operation of protective devices, and any such
current will result in a rise.of pressure on cable sheath-
ings and earthed metal framework, as shown in Fig. 11.
The point that I wish to make is that the onus of providing
a reliable earth should not devolve on those who have
little special knowledge of the difficulties of making an
effective earth. As a good earth is the main security
for safety, the method of obtaining such earth should
be most clearly specified. Mr. Sayers endorses the use

29



438 SPARKS : ELECTRICITY APPLIED TO MINING : DISCUSSION.

Mr Sparks °^ earths of the character of main station earths or of
large contact areas.

Power-factor correction.—Mr. Larke raises an interesting
point in connection with the 1,750 b.h.p. converter sets.
When the enquiry was made for this plant in 1910 the ques-
tions of saving the loss in the slip regulator and of the
improvement of power factor were discussed, and no con-
tractor was able to offer any proposal. I am glad to learn
that present developments make both these points practical.

Main winding.—When the Britannia winding plant was
ordered in 1910 the main reason for using equalizing plant
was the small size of the generating plant and the diffi-
culty of interconnecting the various power stations. With
the further interconnection of the colliery company's
system by means of the 20,000-volt transmission line now
in hand, which will allow plant to the amount of 24,000
kilowatts to operate in parallel, the principal necessity
for the use of equalizers disappears. An additional con-
verter set without a flywheel and of the same capacity
as the existing sets is now under consideration. The set
will consist of a 1,750 b.h.p. induction motor driving con-
tinuous-current generators controlling the motors on the
Ward Leonard system. In answer to Mr. Merz's question,
I am of opinion that with reasonable duplication of
generating stations and transmission lines the cost of
balancers would not be warranted in order to complete
a wind.

Mr. Rushton questions the advisability of using electric
winders. While it is true that no large saving in fuel con-
sumption is attained during the main winding shift, very
considerable economies result through reduced stand-by
losses during the balance of working hours. It must be
remembered that in South Wales coal is only wound
during an 8-hour shift. I agree with his suggestion that
successful electric winding can only be obtained where
a supply of energy is available at low rates. From my
experience such a supply can be generated by a large
colliery undertaking. The cost of electric energy for
winding from the full depth of 730 yards when the colliery
is developed will be under id. per ton of coal wound.

With reference to the further point raised by Mr.
Rushton, I think the colliery management would not
tolerate interference with working, such as would be
necessary if winders were timed so as not to synchronize.
The continuous input into the induction motors with
two main winders working at full duty would be about
3,600 b.h.p., while the momentary maximum demand of
the winding motors when the two winders synchronize
would be 8,600 b.h.p.

The total power plant of the Powell Duffryn Company
aggregates 74,000 horse-power, of which some 30,000
horse-power still consists of steam winders, compressors,
and a few fans. As these plants require replacement, I am
of opinion that a considerable portion of these drives will
be electrified.

Mr. Sayers suggests the use of a continuous winder.
This has been an ideal for many years, but it has not been
found practicable to put it into operation, even on a small

scale. Any system of continuous winding necessitates Mr. Spar
emptying the trams below ground into a conveyer, and
anyone conversant with colliery practice will recognize the
difficulty of finding space to handle and screen coal below
ground. Unless this were done it would interfere with the
present basis of contract between the employers and work-
men for checking the coal output. This point is funda-
mental, and any departure would result in endless trouble
with the Trade Unions.

Haulage.—Mr. Merz draws attention to Fig. 27. This is
a draughtsman's error. The high-speed gear should have
been shown double helical as in the case of Fig. 26.

Lighting.— Mr. Larke draws attention to Mr. Ralph's
electrical recorder of the percentage of pit gas present.
While the instrument has ample range and is no doubt of
great value, in my opinion it is still necessary to have a
percentage of safety oil-lamps, as in many instances the
only warning of the presence of gas is by a lamp going out.
For the electric indicator to be effective it.would either
have to give an audible signal or suddenly to change its
illuminating power so that the miner's attention might at
once be directed to the indicator.

Electric signalling.—I am in agreement with practically
everything that Mr. Evershed has said, and I am very glad
to have his support in what he said about the suspicion
attached to the electric bell. While the electric bell was
suspected it was in evidence that a lamp re-lighting station
existed in the mine where, under an old Government
regulation, a naked flame was allowed. We all know that
the naked flame was a very dangerous thing, and to cover
this point we have had the electric-bell theory exploited.
Mr. Evershed gives a clear definition of the principal
factor making for safety or danger in signalling, being
the electromagnetic energy stored in the circuit to be
broken. When dealing with this point on page 422 of the
paper I refer to the necessity of considering the inductance
of any circuit before specifying the safety limits in terms
of volts and amperes.

With regard to the suggestions for protection, Dr.
Thornton's experiments show that a bell contact can be
rendered perfectly safe by shunting the bell coils through
a high resistance. This appears to be a simple and effec-
tive way of dealing with the less dangerous factor in the
signalling circuit. With regard to the open wires, while
Mr. Evershed's suggestion of coppered iron in place of
galvanized iron is of value, I consider it to be undesirable
to continue signalling by making contacts between the
bare wires themselves in the presence of gas, and I
strongly favour the use of enclosed switches to complete
the circuit, the switches being controlled by pull wires.

With reference to the point raised by Mr. Cooper as ta
Fig. 30, these results are plotted so as to show the differ-
ence in the characteristics of the bells actually in use at
Senghenydd and those tested by the Home Office as "a
Senghenydd bell." I agree that the pressure might have
been measured across the bell terminals, but this would not
have resulted in comparative figures, as the pressure across
the bell terminals was not given in Dr. Wheeler's report.


